sive demyelination). He may live for months or years with a characteristic striatal syndrome (central necrosis of the globus pallidus). Or he may survive with only occasional epfleptiform seizures or an organic psychosis (widespread nodular cortical atrophy) . 6 The medical symptoms of carbon monoxide poisoning are protean. The most prominent are neurologic and include blurring of vision, pain in the eye, vertigo, tinnitus, deafness, speech abnormalities, weaknesses in the legs, somnolence, yawning, nausea, ataxia, and clonic-tonic spasms. The incidence of neurological sequelae such as epilepsy, Parkinsonism, multiple sclerosis, psychomotor seizures, and encephalitis is higher in those with deep and prolonged coma as well as those exposed to chronic carbon monoxide poisoning. 7 Mental and cardiac changes are also a prominent part of the syndrome. Mental sequelae consist of confusion psychosis with disorientation, lack of judgment, amnesia, and, less commonly, motor overactivity and aphasia, s Cardiac manifestations include palpitations, tachycardia, arrhythmlas, and in severe cases bradycardia or complete heart block2
Although the pathology and symptomatology of carbon monoxide poisoning are well known, the treatment of this medical emergency has remained ill defined. Most recent attention has been focussed on the use of hyperbaric oxygen therapy. 1~ During a one-year period, Smith and his colleagues treated all severely gassed patients admitted to the Western Infirmary, Glasgow, with oxygen at two atmospheres pressure. The patients attained consciousness in 30 to 60 minutes. Over 30 patients considered moribund on admission as a result of coal gas fumes were treated successfully without residual EKG changes or signs of mental deterioration. 11 Smith, Sharp, and Ledingham have now built up a case study of 70 patientsonly three of whom had not conformed to the usual pattern of recovery. Two of the three were older patients who had been exposed to coal gas for more than eight hours. The third had received conventional therapy for three hours before transfer32
In another study, Pace, Strajman, and Walker 13 treated carbon monoxide intoxication in ten volunteers. They received 100 per cent oxygen at 2.5 atmospheres absolute with moderate to marked improvement in each case.
Sluijter (Dec. 1960 --Aug. 1962 ) treated all patients with carbon monoxide poisoning brought to the Wihelmina Gasthuis in Amsterdam by administration of 100 per cent oxygen at a pressure of three atmospheres absolute. Duration of treatment at full pressure was 20 minutes minimum and 60 minutes maximum. In all, 40 patients were treated. The clinical results in the treatment of patients who were conscious or lightly comatose upon admission were excellent, but in patients where coma was deep enough to cause hypotension, only four showed evidence of any improvement in the level of consciousness, x4
Although the results of treatment with hyperbaric oxygen are at times impressive, this method of treatment has several intrinsic drawbacks. T h e chambers themselves are extremely expensive and limit treatment to one or two centres. The travel time to these centres dissipates much of the gain in rapid carbon monoxide removal.
To offset these di~culties, mobile hyperbaric tanks were manufactured in Great Britain for use in certain industrial areas in England and Scotland. The authors have no experience with these units. The geographic and economic conditions of North America are so different from those of Great Britain that it is doubted that such a unit would be of service on this side of the Atlantic. The "Flying Squad" concept of medicine in Great Britain is centred on a wellequipped van. In most of North America, a multi-engined aircraft would be necessary for rapid transit over vast areas, and the squad would be literally flying. A huge helicopter (or team of helicopters) might perform this service in the growing megalopolis areas.
Central heating is standard in North America. This reduces the incidence of accidental poisoning caused by poorly ventilated flats and terrace homes. As the economic level of those poisoned would tend to be higher in this continent, the victim would probably be brought to his local hospital rather than a regional infirmary or centre. (It is diificult to correlate British and North American medical practice; most North American community hospitals fall between the British "cottage hospital" and the regional centre in size, but are generally well equipped for all types of medical and surgical practice.) Most North American hospitals have a mechanical respirator. As knowledge about ventilatory care increases in the medical community, more and more of the ventilators purchased are of the "volume" type rather than the "pressure" type.
The following case report illustrates the successful treatment of a case of carbon monoxide intoxication with an increasing-force volume ventilator, an anti-inflammatory drug, and general "intensive care."
CASE HISTORY
The patient was a fifteen-year-old female. She was found on the front seat of her family automobile in a comatose condition at 6:00 A.M. on September 26, 1966 . The garage door was closed, the car windows were open. The ignition was turned on, but the motor was not running and the gas gauge did not show any substantial decrease from the previous night's reading. She was immediately taken to the local hospital where oxygen therapy was given by mask. She was then transferred to the James Whitcomb Riley Children's Hospital at the Indiana University Medical Center.
She arrived in the admitting room at 11:00 A.M. On physical examination, she appeared as a well-developed, well-nourished female in comatose condition with mild intermittent decerebrate rigidity and extensor spasm. Blood pressure was 105/75, pulse was 190, respirations were irregular, and the patient's temperature was 102.5 ~ F. rectal. Examination of her head showed a small abrasion of the left temple and small abrasion under the right temple with a larger haematoma over the midline of the scalp posteriorly. It was assumed these injuries were self-inflicted during convulsive movements as there was no access for attack. (Bruising is facilitated by carbon monoxide poisoning. ) The pupils were equal and reacted to light and accommodation. The eyes were conjugately deviated to the right with searching movements. Cupping of the discs was not prominent. The lips were not "cherry-red" in color. There was a large amount of foamy secretion in the mouth with moderate airway obstruction. There were ronchi and coarse rales throughout both lung fields. The heart rate was regular and there was no evidence of any murmurs or rubs. The examination of the abdomen and the genitourinary system was within normal limits. There was no evidence of any vaginal discharge or instrumentation. The patient responded to painful stimuli by withdrawing all her extremities but there was a slightly decreased movement on the right. Her hands were held in a flexed position with arms extended. There was unsustained ankle clonus and absent Babinski response bilaterally. Deep tendon reflexes were hypoactive in all extremities.
Later review of the patient's past history was not remarkable except for an incident of swallowing a handful of aspirins in an attempted suicide eight weeks prior to this hospital admission.
Pertinent laboratory data upon admission included a carbon monoxide level of 12 per cent (a low value which was probably a result of four hours of oxygen therapy prior to admission). Barbiturates were not present. Acetylsalicylic acid level was 0.9 mg. Serum calcium was 9.0 mEq./L., blood sugar 112, haemoglobin 13. Blood gas studies upon admission revealed a Po2 of 78 and 80, Pco2 of 23 and 24, and pH of 7.43 and 7.44. All blood gas studies are performed simultaneously on two separate instruments (both Instrumentation Laboratories model 113 S1). The meters were always standardized with Instrumentation Laboratory buffer and gas mixtures immediately before use. United States Weather Bureau barometric readings were used.
The patient was given 22 milliequivalents of sodium bicarbonate intravenously and placed on a Temptrol| blanket. She was then intubated with a cuffed (not inflated) 8 ram. portex tube and placed on an Engstrtim respirator. As the patient was convulsing at the time of intubation there was some difficulty in exposure of the glottis.
Local consultants reported that all children previously seen with decerebrate rigidity following carbon monoxide poisoning had expired. For this reason there was no opposition when it was suggested she be placed on prolonged ventilator therapy in the intensive care unit. The course of therapy during the patient's acute illness is summarized in Table I .
The metabolic response by tissue to any type of trauma is the retention of water. The cerebral oedema caused by the trauma of carbon monoxide poisoning effects an increase in the oxygen pressure gradient between capillary cells and produces a secondary hypoxia. The ultimate success of therapy depends on the O degree and duration of the associated anoxia. Cerebral oedema was felt to be present even though cerebral spinal fluid pressure was not elevated. Consequently the initial aim of the respirator therapy was the reduction of cerebral oedema. This was accompanied by a rapid ventilatory rate (24 per minute) and relatively large expiratory volume (600--690 ml.). The results were monitored by frequent arterial blood gas determinations which values we attempted to stabilize at a Po2 of 100--120 and Pco2 of 24. It was felt the reduced Pco2 would decrease cerebral blood flow and lower intercerebral pressure (Fig. 1) . Sodium bicarbonate was given intravenously to combat the metabolic acidosis which was secondary to increased lactic acid from anoxia. 15 The patient was also treated with dexamethasone (Decadron| to further reduce cerebral oedema. Decadron was chosen because of its marked anti-inflammatory potency and low salt-retaining activity. Its efficiency in combating cerebral oedema has been established.
Galich and French noted marked reduction in cerebral oedema in 18 of 21 patients with brain tumours, and in 10 of 13 patients with evidence of postoperative brain oedema treated with dexamethasone. They administered 10 rag. of Decadron intravenously and 4 rag. intramuscularly every six hours for two to four days and then i to 3 rag. orally thrice daily for another five to seven days. The decrease in cerebral oedema was manifested by a reduction in papilloedema, vomiting, headache, and a decrease in intracranial mass evident on direct observation. 16 This supported the work by Russek 17 and Roberts ~s who observed a relief of cerebral oedema manifested by an improvement in the mental and neurological status of patients with cerebral infarction treated with glucocorticoids.
Following admission, i0 rag. Decadron was administered intravenously and 4 rag. intramuscularly every six hours. Decadron was also utilized for its salutory effects in combating aspiration pneumonitis. I~ The patient's admission chest film revealed an infiltrative process in the right lung with patchy infiltrates on the left. It was felt that the patient exhibited Mendelson's syndrome (aspiration of liquid material producing cyanosis, tachycardia, and dyspnoea, but with no mediastinal shift or massive atelectasis). The patient was not in shock, but if this condition was incipient, the dexamethasone would have had a salubrious effect. 23-~5
Thirty-seven grammes of mannitol (25~ solution) were also given intravenously upon admission to further reduce cerebral oedema. Mannitol was chosen over urea and hypertonic glucose because it is a large molecule and avoids the rebound rise in cerebrospinal fluid pressure which is associated with smaller molecules.
The combination of mannitol, Decadron, and hyperventilation was successful in reducing cerebral oedema, and by the morning of September 29, 1966 (fourth hospital day), the patient was completely alert and responsive to all questions. At this point, she had been on the Engstr6m respirator for 66 hours. During this period, the patient had been maintained in rhythm with the respirator with only the occasional use of intravenous succinylcholine and dimethyl curare. A total of 90 mg. of the former and 12 rag. of the latter were used. When patients are adequately ventilated they will generally remain passive during mechanical ventilation. The patient's cerebral injury (or metabolic acidosis) may have triggered the attempts to breathe that caused the need to use relaxants. Chlorpromazin e was given intravenously to combat restlessness.
During ventilator therapy the patient exhibited a mild metabolic acidosis. It is not known if this was due to the carbon monoxide poisoning or the hyperventilation 26 employed in treating the patient. The importance of hyperventilation in the production of metabolic acidosis is at present a subject of debateY ,2s The metabolic acidosis was treated with intravenous sodium bicarbonate. The treatment was not vigorous. The base deficit per litre of blood was computed from a Singer-Hastings "9 nomogram. The deficit was multiplied by .075 • patient's body weight in kilograms. The figure of .075 was taken as a reduced female blood volume. There was no attempt to produce a marked alkalosis. By keeping the pH near normal, the Bohr effect was avoided, and it is assumed the oxygen dissociation curve maintained its normal configuration. Perhaps this was an undue worry in that Kety and Schmidt 8~ have shown normal cerebral oxygen consumption during hy-perventilation.
In general, we use large-tidal-volume, slow-rate ventilation. Most patients are more pleased and relaxed with this style of ventilation than with rapid, smalltidal-volume breathing. During the night of the 27th (second hospital day), a rapid rate with small tidal volumes was tried by a relief house oflacer. The patient continued restless and was curarized. In the morning the patient was returned to her former respiratory pattern with good clinical results. If the tidal volumes on Table I appear large for a patient of this size, it must be remembered that the EngstrSm ventilator has a large compressible volume (Fig. 2) Any ventilator has compressible volume. This is the volume between the patient's lungs and the source of "air" in the ventilator. In the EngstrSm, this includes the air in the rubber bag, air in all the tubing on the top of the machine, to and from the patient, and air over the water in the humidifier. As expiratory volume is read out at room ambient pressure, the air compressed in the machine expands before being recorded by the ventilometer. As pressure goes up, total minute ventilation must increase to maintain a constant alveolar ventilation. The "respirator's emptying pressure" refers to the pressure around the rubber bag on the EngstrGm. It is read on the dial on the right side of the control panel. In the example, it is kept 20 to 30 era. H20 above the airway pressure. on the ventilator's pressure manometer. During inspiration, a positive pressure will be shown on the machine's pressure manometer. This is not the patient's airway pressure, but the pressure at the point where sampled. On the EngstrSm ventilator, th.e pressure shown on the water manometer will be higher than the pressure recorded on the fine pressure manometer. The water pressure manometer reflects the resistance to air flow of the valve box and the humidifier screen. Both manometers reflect the resistance of the delivery tubes, the catheter connector and "Y," and the endotracheal or nasotracheal tube. If the EngstrSm ventilator is set up for ventilating an infant through a 3 mm. nasotrach.eal catheter, the water manometer may record 18 cm. of water pressure, and the fine manometer 15 cm.
of pressure if the machine is operated before the tracheal catheter is placed.
Negative pressure is applied with the ventilator's venturi apparatus. We tend to use a value of 1 to 2 cm. of water negative pressure at the fine pressure manometer. The purpose of the negative pressure is to overcome the machine's expiratory resistance. When the "three-way stop cock" is switched to "spirometer" an immediate rise in airway pressure is recorded at the fine pressure manometer. Much of the resistance to expiration is at the valve box. The use of the venturi removes this resistance. By the use of the venturi, oesophageal pressures are brought to zero during expiration. We do not try to obtain a negative transmural pressure as we feel this may lead to air trapping and/or miliary atelectasis. Use of a ventilator, such as the Emerson Pay, with negligible expiratory resistance obviates the necessity of a venturi attachment.
The EngstrSm ventilator does not have a sigh attachment. To compensate for the lack of air automatic sigh, every fifteen minutes the air dosing valve was opened an additional seven litres on the dial setting for three to five breaths. The patient was also sighed before and after tracheobronchial toilet. Care of the airway was by sterile technique using sterile disposable plastic gloves and suction catheters.
Sterile intravenous saline solutions were used for lavage (1 to 3 ml.) prior to suctioning. The external diameter of the suction catheter was never over half the internal diameter of the endotracheal catheter. The suction catheters were on a "Y," with one arm open to air until the catheter was fully advanced into the lungs. A stethescope was used to monitor suctioning to assure cleansing of both lungs.
The patient was turned each hour with emphasis on positioning to augment drainage from lobes most severely affected by her aspiration pneumonitis. With turning, the patient also received chest succussion to loosen secretions.
As the patient did not appear to be suffering from ileus, a gastric feeding tube was passed after she was settled on the ventilator. Gavage feedings of 30 ml. per hour of a low viscosity fluid were started. The feedings yielded 1,800 calories per litre. Maintaining caloric intake reduces body protein loss and increases body resistance to infection.
Urine was collected in a dosed sterile system. As renal function was unimpaired, no difllculties were encountered in maintaining water and electrolyte balance.
At 6:00 P.M. on September 29, the patient removed her endotracheal tube.
There was no respiratory difllculty at that time, and the decision was made not to reintubate her. Ten milligrams of Decadron was given intravenously to combat laryngeal oedema, and the patient was treated with mist from a DeVilbiss nebulizer. Oxygen at 15 L./min. was added to the air blower output (about 30 L. of air). The patient did not object to the use of a face mask for delivery of the mist. A mixture of one-quarter sterile saline and three-quarters sterile distilled water was used as a fluid for nebulization. The nebulizer was set at output top #3. At this setting, the machine should deliver slightly over 4 ml. of nebulized fluid per minute. The patient's subsequent hospital course was essentially unremarkable. She continued to have right-sided weakness, most marked in the upper extremity, and spasticity and increased deep tendon reflexes in the lower extremities (again, most marked on the right side). An electroencephalogram on October 26 (one month after injury) revealed abnormalities in the left pariental region.
Despite her marked neurological improvement, the patient's hospital stay was prolonged for continued medical observation. A recent article in the British Medical Journal 82 had pointed out the danger of an early return to normal physical activity after an episode of carbon monoxide poisoning. The authors reviewed a case of mental relapse 21 days after recovery of normal status and correlated this relapse with a high incidence of sudden death. We considered this report an indication for prolonged hospitalization. However, the patient was removed from the medical centre by her parents against medical advice on November 3, 1966.
A follow-up clinic visit on December 6, 1966, revealed a "normal" mental status. There was no abnormal weakness and Babinski's signs were absent bilaterally. The patient did retain a moderate hyper-reflexia and spasticity in the right lower extremity. A repeat electroencephalogram was within normal limits.
CONCLUSION
The treatment of carbon monoxide poisoning by a mechanical respirator has been a neglected subject in the world literature. Instead, interest has centred on hyperbaric oxygenation. We believe that mechanical hyperventilation offers an effective and economic alternative treatment of acute carbon monoxide poisoning.
Numerous authors have stated that endotracheal tubes cause laryngeal oedema and actual necrosis if retained longer than 24 hours. 3~ It has been our experience in the management of postoperative cardiovascular patients that tracheal tubes may be employed from seven to fourteen days without ill effects.
As experience has been gained, we have used smaller and smaller tracheal tubes. Air leakage around the tube is not a problem with a volume ventilator. We have used sterile thermolabile portex tubes. Tubes are not reused. Nasal tubes are changed every several days from nostril to nostril. Tubes below 4.0 mm. internal diameter are changed every two days as a precaution against mucus plugging. Following prolonged intubation we have seen an increasing incidence of a whitecoloured tissue reaction in the glottic ring. We have attributed this to iatrogenic infection. Recent articles by Guess 34, s5 have made us reconsider the cause of this tissue reaction, which may be the product of a change in the formulation of the P.V.C. used in our tracheal tubes, resulting in a greater elusion of toxic materials. Attempts will be made to tissue-test our materials.
Although we are concerned about the dangers of prolonged intubation, we have had a higher incidence of serious management complications with tracheostomies. For this reason we prefer oral or nasal intubation for disease that will resolve. If our patient had not regained consciousness in a week or two or had showed evidence of extensive brain damage, we would have changed to tracheostomy ventilation as it reduces nursing care of the oro-and nasopharynx.
SUMMARY
Severe carbon monoxide poisoning is a not uncommon disease in North America. The authors were privileged to treat a fifteen-year-old female who had attempted suicide with carbon monoxide. When first seen, she exhibited decerebrate rigidity and evidence of aspiration pneumonitis. She was treated with prolonged tracheal intubation and moderate hyperventilation. She also received dexamethasone as an anti-oedema and anti-inflammatory agent. The patient "awoke" after sixty hours of ventilator therapy. She subsequently recovered from most of her neurologic injuries. She is said to be the first survivor (in this area) of carbon monoxide poisoning with decerebrate rigidity.
R,~SUM~
En Arn6rique du nord, l'empoisonnement grave au monoxyde de carbone n'est pas une maladie rare. Les auteurs ont eu la bonne fortune de traiter une jeune fille de 15 ans qui avait tent6 de se suicider avec du monoxyde de carbone. A son premier examen, elle pr6sentait des signes de rigidit6 d6c6r6br6e et de pneumonie d'aspiration. Le traitement a consist6 en une intubation endotrach6ale prolong6e et en une hyperventilation mod6r6e. Elle a re~u 6galement de la d6xam&hasone comme agent anti-inflammatoire et anti-oedemateux. La malade s'est r~veill6e apr~s six heures de th6rapie ventilatoire. Subs6quemment, toutes ses sequelles neurologiques sont disparues. Dans la r6gion, on s'accorde ~ dire qu'elle est la premiere survivante ~ un empoisonnement au monoxyde de carbone avec rigidit6 d6c6r6br6e.
